Lake Whatcom, Washington kokanee have been stocked in Lake Roosevelt since 1987 with the primary objective of creating a self-sustaining fishery. Success has been limited by low recruitment to the fishery, low adult returns to hatcheries, and a skewed sex ratio. It was hypothesized that a stock native to the upper Columbia River might perform better than the coastal Lake Whatcom stock. Kokanee from Meadow Creek, a tributary of Kootenay Lake, British Columbia were selected as an alternative stock. Post smolts from each stock were released from Sherman Creek Hatchery in late June 2000 and repeated in 2001. Stock performance was evaluated using three measures; 1) number of returns to Sherman Creek, the primary egg collection facility, 2) the number of returns to 86 tributaries sampled and, 3) the number of returns to the creel.
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Background
The construction of Grand Coulee Dam eradicated anadromous salmon and steelhead from the upper Columbia River and adjacent rivers and tributaries. To partially mitigate for the loss of anadromous fish, Lake Whatcom kokanee salmon (Oncorhynchus nerka kennerlyi) have been stocked in Lake Roosevelt since 1987. The primary purpose of the stocking was to develop a self-sustaining sport fishery and restore a migratory salmonid species to the Lake Roosevelt ecosystem for tribal sustenance and egg supply for the hatcheries. A long term tagging plan was initiated in 1990 to evaluate the success of releases and to determine the most successful strategies (Thatcher et al.1993 , Tilson et al. 1994 , 1995 , 1996 ).
Initial returns of adult kokanee to the creel and egg collection sites were minimal largely due to entrainment caused by smolting fry. Consequently, in 1996, the Lake Roosevelt managers adopted the policy to stock residualized smolts . Return numbers increased, but not to the level needed to achieve a self-sustaining run. In 1998 and 1999 a variety of tests were conducted in an attempt to improve the number of returns. Fish were released directly from the hatchery at different times of the year, morpholine imprinted and not, and from different times of the Lake Whatcom run. Kokanee were also released from net pens located in different areas of the reservoir,. Each year a "jack" run composed primarily of precocious males, approximately 0.2-0.5% of the total fish stocked, returned in the fall. While few three-year olds returned, the run of two-year olds indicated that those not imprinted and released from Sherman Creek in early June performed the best .
Hatchery kokanee contributions to the fishery have been difficult to assess. Kokanee harvest in Lake Roosevelt increased an estimated 284 kokanee in 1981 (Harper et al. 1981 (Harper et al. ) to 9,362 in 1988 (Harper et al. and 11,906 in 1989 after hatchery stocking began in 1987 (Peone et al. 1991) .
Only a portion of the hatchery fish released in the reservoir during the first 10 years were marked, therefore it was impossible to determine if unmarked fish were of hatchery or wild origin. Beginning in 1997, all hatchery kokanee stocked in Lake Roosevelt were adipose fin clipped. In 1998, an estimated 10,188 kokanee were harvested of which 33% of the kokanee were of hatchery origin Spotts et al. 2002) . Small sample sizes of kokanee observed in creel surveys have restricted our ability to determine the hatchery contribution to the fishery, as well as evaluate stock performance.
It was suggested that Lake Whatcom stock kokanee responded poorly to conditions in Lake Roosevelt and fisheries managers should obtain a stock of kokanee native to the upper Columbia River system. It was hypothesized that a locally adapted kokanee might perform better in Lake Roosevelt. Kokanee stocks found in the upper Columbia River basin that were considered as possible egg sources for supplementing Lake Roosevelt included; 1) Arrow Lakes, 
Methods
Description of the Study Area
Lake Roosevelt was formed when Grand Coulee Dam impounded the waters of the Columbia River in 1939 (Figure 1 ). At full pool the reservoir is 243 kilometers (km) long, inundates 334.9 km 2 , and has a maximum depth of 122 meters(m) (Stober et al. 1981 (Table 1; Combs , 2003 . Three annual tag retention estimates by Tilson and Scholz (1998) were averaged (79%) and applied to the number of kokanee stocked each year to adjust for long-term tag retention 
Experimental Design for Coded Wire Tag Release Groups
Three hypotheses were tested to determine performance of both stocks of kokanee. The null hypothesis was tested using chi-square tests for independence. When sample sizes were low, less than 5-6, the Fisher exact test was employed to determine the probability of observing the contingency Hypothesis 2 -Returns to tributaries throughout Lake Roosevelt 2-H o : There was no significant difference in the number of Meadow Creek stock kokanee and Lake Whatcom stock kokanee collected at tributaries in the reservoir.
Hypothesis 3 -Returns to the creel 3-H o : There was no significant difference in the number of Meadow Creek stock kokanee and Lake Whatcom stock that recruited to the creel.
A secondary objective was to evaluate and discuss the recoveries made of kokanee stocked at other locations, including Little Falls, Fort Spokane, and Meyers Falls. Additionally, hatchery kokanee collected through supplemental efforts between 2000 and 2002 were summarized.
Sampling Procedures
Spawning kokanee recovery began in August and lasted to the middle of November All kokanee collected were checked with a coded wire tag detector, measured to the nearest mm (total length), and a sub-sample was weighed (grams). Heads were removed from kokanee with a CWT, and placed in individually numbered bags for lab analysis. All CWT were extracted from the heads at the EWU Fisheries Research Center and examined with a dissecting microscope to determine the binary code or numerical code. For quality control, 50% of the tags were re-read.
Two-year old fish collected in 2000 and 2001 and three-year olds collected in 2001 and
2002 with coded wire tags were pooled to determine mean length at maturity of Meadow Creek and Lake Whatcom kokanee. The data was not normally distributed so a non-parametric test (Mann-Whitney) was used. Female to male ratio's for each stock were calculated. An age length key was established to assign ages to fish without specific marks (DeVries and Frie 1996), which was then used to create an age-length distribution of kokanee returning to Sherman Creek.
Lake Roosevelt creel surveys were a cooperative effort between the Spokane Tribe of Indians (STI), the Colville Confederated Tribes (CCT), and the WDFW. For specific methods refer to Cichosz et al. (1998) . Creel clerks collected heads of all hatchery kokanee captured by anglers.
Supplemental Efforts
Kokanee harvest data were collected by STI during the 
Results
Hatchery Stock Results
Hypothesis 1-Sherman Creek Returns
Chi-square analysis indicated that two-year old Meadow Creek kokanee returned to Sherman Creek in significantly higher numbers when compared to the Lake Whatcom stock in Table 2 ). One 4 year old Lake Whatcom kokanee returned in 2002, which was not used in the analysis.
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Hypothesis 2-Reservoir Wide Recoveries
Reservoir wide recoveries, including those at Sherman Creek, indicated similar results.
Significantly more Meadow Creek kokanee were recovered compared to Lake Whatcom (Table 3) .
Hypothesis 3-Recoveries from the Creel
No hatchery kokanee were collected in the STI creel surveys in 2000 , two in 2001 , and 18 in 2002 . None of the hatchery kokanee had coded wire tags, so stock could not be distinguished. 
Kokanee Biological Data
Two-year old fish collected in 2000-01 and three-year olds from 2001-02 with coded wire tags pooled to determine mean length at maturity for each age class of Meadow Creek and Lake Whatcom kokanee. Lake Whatcom two-year olds were significantly larger than Meadow
Creek two-year olds (p < 0.01); however, there was no significant difference in mean length of three-year olds (p = 0.78; Table 4 ).
The female to male ratio for kokanee released from Sherman Creek Hatchery in 2000 indicated a more normal female to male (F:M) ratio for Meadow Creek kokanee for age 2 (1:9) and age 3 (5:3) compared to Lake Whatcom stock kokanee (1:62 age two and 1:5 age three).
The 2001 released fish were opposite where Lake Whatcom kokanee had a more normal ratio for age 2 (1:7) and age 3 (1:1) kokanee compared to Meadow Creek kokanee (age 2 1:12 and age 3 1:0; Table 5 ).
An Length ( 
Lake Roosevelt Kokanee Collections
A large number of kokanee were collected during the fall surveys that were not a direct part of the stock analysis study. Table 6 ).
In 2001 River (n = 127) and a small number in the Kettle Falls area (n = 9; Table 7 ). Few kokanee were collected from the Little Falls release (n = 5; Table 7 ). Creek kokanee. Wild kokanee were typically captured each year in the reservoir at similar locations and sample sizes (Table 6 ). However, in 2002 ten wild kokanee were captured below Little Falls Dam, which appeared to be Lake Whatcom three year olds. Since they were below the dam and had appearances similar Lake Whatcom kokanee, they were probably entrained from Lake Coeur d' Alene and not the typical wild kokanee observed. mm and three-year olds ranged from 453 to 470 mm in total length (Table 8 ).
The female to male ratio for age two kokanee was similar for all three year when all data was pooled.. Age three fish appeared to have a more normal sex ratio ranging from 1:4 to 1:1 females to males. The wild population tended to have a normal sex ratio of approximately 1:1 (Table 9) .
Total number, catch-per-unit-effort (CPUE) and relative abundance of all fish species captured was summarized in Appendix B, and the number of kokanee per sample site was summarized in Appendix C. 
Supplemental Kokanee Collection Efforts
Winter Test Fishery
During the annual kokanee test fishery in January the percent of hatchery kokanee varied between 2.2 to 18.2% of the catch over the past four years (Table 10) .
Two Rivers Casino Trout Derby
Origin ( were right pectoral clipped, indicating the Fort Spokane boat launch release (Table 10 ; STI unpublished data). .
Volunteer Angler Diaries
Anglers recorded data in diaries supplied by WDFW from 15 June to 27 November 2001.
Anglers recorded capturing 204 kokanee of which 18% (n=37) were of hatchery origin (C.
Baldwin, WDFW, unpublished data). Hatchery kokanee captured by anglers were not checked for CWTs. However, one angler kept heads of which three CWTs were collected and all were three-year old Meadow Creek kokanee (62-03-35) released from Sherman Creek Hatchery (406-432 mm or 16-17 inches TL; Table 10 ).
EWU Supplemental Creel
On 27 June 2001 EWU performed a supplementary creel at Spring Canyon from 2:00-6:00 p.m. Weather conditions were very poor, with 20-30 mph winds and a hailstorm, yet five wild and one hatchery (17%) kokanee were observed (no coded wire tag; Table 10 ).
Recoveries below Grand Coulee Dam
Rock (Table 10) . 
Discussion
The purpose of testing new stocks of kokanee in Lake Roosevelt was to determine if a native stock performed better than the coastal Lake Whatcom stock that had performed poorly in the past. Meadow Creek returns as two-year olds were significantly larger compared to Lake Whatcom in both years. Age three returns of both stocks were not significantly different, but sample sizes were small. Three-year old kokanee have been the primary goal of Lake Roosevelt fisheries managers because two-year old kokanee (jacks) are only in the fishery for three months.
Additionally, returning jacks are primarily males, which are not conducive for establishing a self-sustaining fishery.
Three-year old returns remained low with the native stock; however, we still recommend using Meadow Creek kokanee whenever possible. Two-year old returns indicated Meadow
Creek kokanee stayed in the reservoir and returned to egg collection facilities significantly better than Lake Whatcom stock, which is progress towards a sustainable fishery. Meadow Creek kokanee are also indigenous to the upper Columbia system, and stocking them instead of coastal strains should be a priority for ecological reasons. Kokanee that entrain through Grand Coulee
Dam have the potential to mix with endangered runs of sockeye salmon in Columbia River tributaries.
The Spokane Tribe of Indians is responsible for coordinating the creel surveys at Lake Roosevelt and analyzing the data. The creel surveys have been plagued with problems making some parts of the creel un-usable between 2000-02. The lack of kokanee observed in the creel prompted fisheries managers to look elsewhere for creel information, including the Two Rivers Casino Trout Derby, Winter Test Fishery, Angler Diaries, and supplemental creel.
The two Rivers Casino Trout Derby held in August revealed that age two kokanee did recruit to the creel, with 46% of the kokanee being hatchery origin in 2001 and 62% in 2002.
The majority of the fish were from the Fort Spokane release. Meadow Creek kokanee were not stocked with the Lake Whatcom kokanee from the Fort Spokane boat launch, therefore stock performance could not be evaluated. However, the results indicated two-year old kokanee can recruit to the creel, and releasing kokanee from the Fort Spokane boat launch was successful.
The other supplemental creel efforts were primarily focused in the southern part of the reservoir, and indicated that the majority of the harvest were wild kokanee. The angler diaries indicated only 18% of the fish were hatchery origin (C. Baldwin, WDFW, unpublished data). A supplemental creel indicated that 17% of the fish were hatchery origin. The test fishery varied between 2.2 and 18.2% (C. Lee, STI unpublished data). While these estimates were lower than the derby result, the fact remains that hatchery kokanee, even as two year olds, were recruiting to the fishery.
Data from the Two Rivers Casino Trout Derby suggest that kokanee possibly perform better from the Fort Spokane release site compared to Little Falls and Sherman Creek releases because they escape walleye predation (Stizostedion vitreum). Walleye spawn in the Spokane River below Little Falls Dam in the spring then migrate out into other areas of the reservoir , Hall et al.1985 , Peone et al. 1990 , McLellan et al. 1998 , McLellan et al. 2002 , and McLellan and Scholz 2002 . A large number of walleye migrate out of the Spokane River north to the Kettle Falls area, about the same time kokanee are released from the Sherman Creek Hatchery (McLellan et al. 2002) .
Predation by walleye on hatchery kokanee in Lake Roosevelt has been evaluated by the WDFW (Baldwin et al., in press) . Results from the 1999 predation study indicated 15.1% (10.8-21.5% confidence interval (C.I.)) of the kokanee released from Sherman Creek were consumed within 41 days of the release. Additionally, lake wide modeling indicated that predation on kokanee was as high as 43% (21%-64%; 95% C.I.; . In 2000, the number of kokanee lost dropped to 22,883 (16,919-31,278 C.I.), or 6.3% (4.7-8.6%) of Sherman
Creek raceway and net pen releases (Baldwin et al., in press) . By directly stocking kokanee from the Fort Spokane boat launch, they may be avoiding spatial and temporal overlap with walleye concentrations found in the Spokane River. Consequently, a direct release of Sherman Creek kokanee into deep water south of where the walleye congregate may also offer refuge for these fish.
Despite the new information on hatchery kokanee harvest, the planting of alternative stocks has not increased the number of three-year old returns to Sherman Creek Hatchery. The large number of returning precocial kokanee historically observed with the Lake Whatcom stock, also occurred with the Meadow Creek stock. The high rate of precocity found in Lake Roosevelt was thought in part to be associated with the productivity of the lake. Lewis (1970) found maturity of kokanee to be related to productivity in lakes, the faster they grew the sooner they matured. Lake Roosevelt is classified as oligotrophic, but in certain locations has an abundant zooplankton food source (Cichosz et al. 1998 (Cichosz et al. , 1999 . The confluence of Spokane River and the Columbia River had a mean annual zooplankton biomass of 6,710 µg/m 3 and Porcupine Bay had mean annual biomass of 25,498 µg/m 3 with large Daphnia species ranging from 0.18-3.03 mm in length (Cichosz et al. 1999) . While Lake Roosevelt kokanee mature at two years of age, they were larger than older mature kokanee in other areas (Table 11) .
A preliminary study comparing the precocity of Lake Whatcom and Meadow Creek kokanee found that both showed signs of sexual maturity before they left the hatcheries.
Combining both stocks, 73% of the fish sampled in 2001 were precocial before stocking (C. Lee, STI, unpublished data). While phenotypic sex in salmonids is generally believed to be under genetic control, Craig et al. (1996) was able to alter the sex ratio of sockeye and kokanee salmon with warm water temperatures during embryonic development. An experimental group of eggs in Heath tray baskets were moved from ambient well water (8.3 -9.7 ºC) to heated well water (10.4 -12.0 ºC) for approximately 1 month and then moved back to ambient water. Sex ratios of the experimental group ranged from 61.8 to 83.9% females, with the control groups maintaining a 1:1 sex ratio (Craig et al. 1996) . They determined that the sex was irreversibly determined during some common point during early development and sex in kokanee and sockeye salmon is thermolabile (Craig et al. 1996) .
The Spokane Tribe of Indians are currently investigating precocity by hatchery kokanee raised in the Spokane Tribal Hatchery compared to WDFW Ford Hatchery who raise their fish with cooler spring water. Preliminary results showed no early maturity in the fish sampled at the Ford Hatchery (n = 237; C. Lee, STI unpublished data). These results indicated that at some point during early develop at the Spokane Tribal Hatchery water temperatures could be playing a role with the early maturity of hatchery kokanee.
In addition to the hatchery kokanee, Lake Roosevelt has a unique wild kokanee population. The majority of kokanee caught by anglers appear to be of wild origin (see results section). The wild kokanee grow to large sizes in Lake Roosevelt, up to 533 mm in length (21 inches) and 1,589 grams in weight (3.5 lbs.; STI, unpublished data). Little is known about life history of the wild fish, such as when and where they migrate into Lake Roosevelt, or if, when, or where they spawn. Preliminary microsatellite DNA analysis indicated that the wild kokanee are related to an up river (Canada) stock of fish (Richard LeCaire, Colville Tribe of Indians, personal communication). Mimicking the wild kokanee recruitment may provide the best opportunity to improve the current hatchery kokanee program. 
